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Abstract Chromosomes and karyotypes are important aspects of plant phylogeny and 
evolution. The chromosome numbers and karyotypes of Lycoris radiata display great 
variability among and within different populations. By studying different populations of L. 
radiata we acquired some basic data on karyotype evolution and evolutionary mechanisms in 
L. radiata and the genus Lycoris. Six populations of L. radiata from Anhui and Zhejiang 
provinces in China were investigated cytologically. The chromosome numbers and karyotype 
formulae are as follows: Huoshan populations, 2n=44=28st+8t+8T, 2n=22=6st+12t+4T; 
Huangshan populations, 2n=22=22t, 2n=22=18st+4t, 2n=21=12st+7t+2T; Chuzhou 
population, 2n=33=33t; Ma’anshan populations, 2n=33=18st+15T, 2n=25=1m+20st+2t+2T; 
Xuancheng populations, 2n=22=20st+2T, 2n=21=1m+20st; and Hangzhou populations 
2n=22=12st+4t+6T, 2n=21=18st+3t. The chromosome numbers and karyotypes of some 
populations are reported here for the first time and the wild tetraploid population of L. radiata 
was found for the first time. In addition, karyotype evolution among populations and the origin 
of polyploids are discussed. 
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Lycoris radiata Herb., a member of the Family Amaryllidaceae, is an endemic species in 
East Asia and is principally native to China, Japan and Korea. It is a very popular bulb flower 
worldwide with considerable ornamental and medical value. Much work has been done on the 
karyotypes, morphology, physiology, palynology, and medicinal and molecular aspects (Bose 
& Flory, 1963; Chen & Hu, 1995; Ren et al., 1995; Zhang & Cao, 2001; Zhang et al., 2002; 
Nie et al., 2003; Zhou et al., 2005). However, several arguments and problems still remain 
regarding the cytology of L. radiata (Mookerjea, 1955; Shao et al., 1994; Qin et al., 2004a, b; 
Zhou et al., 2004). This paper focuses on the discovery of some new chromosome numbers 
and karyotypes when cytological studies were made on different populations of L. radiata 
from Anhui and Zhejiang provinces in East China. 


1 Material and methods 


All the plant samples studied were collected from the field in Anhui and Zhejiang 
provinces (Table 1). They were maintained in water culture before their root tips were 
harvested for the cytological studies. Actively growing root tips were pretreated in 
p-Dichlorobenzene solution at room temperature for 4 h before they were fixed in Carnoy I 
(glacial acetic acid: absolute ethanol = 1:3) at 4 °C for 20 h. Then they were macerated in 1 
mol/L hydrochloric acid at 60 °C for 2 min, stained in Phenol-Fuchsin solution for 2 h, and 
squashed in 45% acetic acid. 
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Karyotype formulae are based on the measurements of somatic chromosomes. The 
symbols used to describe the karyotypes follow Levan et al. (1964): m 2 median-centromeric 
chromosome with arm ratio of 1.01—3.00; st 2 subterminal-centromeric chromosome with arm 
ratio of 3.01-7.00; t = terminal-centromeric chromosome with arm ratio of over 7.00; and T = 
terminal-centromeric chromosome with no short arm. 

The voucher specimens were deposited in the College of Life Sciences, Anhui Normal 
University. 


Table1 Origins of materials and the karyotypes of materials studied of Lycoris radiata 





Population Locality Karyotypic formula Type Voucher 
Huoshan Cytotype I Longjin Village, 2n=44=28st+8t+8T 4A S. B. Zhou & B. 
Cytotype II Puos nm Anhui, China 2n=22=6st+12t+4T 4A Q. Yu (al Fan, 
(RE LL) RABY 0301611 
Huangshan Cytotype I Guniujiang, Huoshan, 2n=22=22t 4A S. B. Zhou & W. 
CytotypeI]  Anhui, China 2n=22=18st+4t 4A . H.Qin (FFR, 
Cytoype i AE) 2n-21-l2stE 7427 4A * BAF) 0301615 
Chuzhou Langyanshan, Chuzhou, 2n=33=33t 4A S. B. Zhou & B. 
Anhui, China Q. Yu (F Fn, 
CE PL FAB LLL) RAL) 0401621 
Ma’anshan — Cytotype I Caishiji, Ma'anshan, 2n=33=18st+15T 4A B. Q. Yu & Q. 
Cytotype II Anhui, China _ 2n=25=1m+20st+2t+2T 4A Luo RAM, F 
(SR RELL AL) 34) 0401617 
Xuancheng Cytotype I Qingliangfeng, Jixi, 2n=22=20st+2T 4A B. Q. Yu & Y. 
Cytotype II Xuancheng, Anhui, China Duc» an Ot 3A Wang (4&Zkiit, 
(2B BASE UE) 5%) 0501633 
Hangzhou Cytotype I Fuyang, Hangzhou, 2n=21=18st+3t 4A S.B. Zhou & W. 
Cytotype II Zhejiang, China (HTL 2, 22—12st-4t-6T 4A H. Qin (SF bn, 
Nes PH) Z% 14) 0401620 
2 Results 


2.1 Huoshan population 

2.1.1 Cytotype I (Figs. 1, 13) The chromosomes were counted to be 27:244 of tetraploid 
cytotype, which is reported for the first time. The karyotype was formulated as 
2n=28st+8t+8T, consisting of 28 subterminal-centromeric (st), 8 terminal-centromeric (t) and 
8 Terminal-centromeric (T). The ratio of the length of the largest chromosome to that of the 
smallest was 1.53, and the proportion of chromosomes with arm ratio —2:1 was 1.0. The 
karyotype was therefore of 4A type according to the degree of asymmetry and the 
chromosomes ranged from 7.05-10.82 in relative length. The statistics show that 70% of the 
cells were tetraploid. 

2.1.3  Cytotype II (Figs. 2, 14) The chromosomes were counted to be 25-22. The 
karyotype was formulated as 2n=6st+12t+4T, consisting of 3 pairs of subterminal- 
centromeric, 6 pairs of terminal-centromeric, and 2 pairs of Terminal-centromeric. A pair of 
secondary constriction was observed on the short arms of the ninth chromosome pair, which is 
reported for the first time. The ratio of the length of the largest chromosome to that of the 
smallest was 1.52 and the proportion of chromosomes with arm ratio —2:1 was 1.0. The 
karyotype was therefore of 4A type according to the degree of asymmetry and the 
chromosomes ranged from 7.31-11.12 in relative length. 
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Figs. 1-12. Idiograms of six populations of Lycoris radiata. 1. Huoshan population (Cytotype I). 2. Huoshan population 
(Cytotype IT). 3. Huangshan population (Cytotype I). 4. Huangshan population (Cytotype II). 5. Huangshan population 
(Cytotype III). 6. Chuzhou population. 7. Ma’anshan population (Cytotype I). 8. Ma'anshan population (Cytotype II). 9. 
Xuancheng population (Cytotype I). 10. Xuancheng population (Cytotype IT). 11. Hangzhou population (Cytotype I). 12. 
Hangzhou population (Cytotype II). 


2.2 Huangshan population 

2.2.1 Cytotype I (Figs. 3, 15) The chromosomes were counted to be 2n=22 of normal 
diploid cytotype. They were arranged in 11 groups of 2 homologues. All were 
terminal-centromeric. The karyotype was formulated as 2n=22t. The ratio of the length of the 
largest chromosome to that of the smallest was 1.33 and the proportion of chromosomes with 
arm ratio —2:1 was 1.0. The karyotype was therefore of 4A type according to the degree of 
asymmetry and the chromosomes ranged from 8.45-11.20 in relative length. 
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2.2.2  Cytotype II (Figs. 4, 16) The chromosomes were counted to be 27222, consisting of 
9 pairs of subterminal-centromeric and two pairs of terminal-centromeric. The karyotype was 
formulated as 2n=18st+4t. The ratio of the length of the largest chromosome to that of the 
smallest was 1.41 and the proportion of chromosomes with arm ratio —2:1 was 1.0. The 
karyotype was therefore of 4A type according to the degree of asymmetry and the 
chromosomes ranged from 7.64—10.79 in relative length. 

2.2.3 Cytotype III (Figs. 5, 17) The chromosomes were counted to be 25221, consisting 
of 12 subterminal-centromeric, 7 terminal-centromeric and 2 Terminal-centromeric. The 
karyotype was formulated as 2n=12st+7t+2T. The ratio of the length of the largest 
chromosome to that of the smallest was 1.52 and the proportion of chromosomes with arm 
ratio —2:1 was 1.0. The karyotype was therefore of 4A type according to the degree of 
asymmetry and the chromosomes ranged from 3.85-5.86 in relative length. 

2.3 Chuzhou population (Figs. 6, 18) 

The chromosomes were counted to be 27233 of normal triploid cytotype. All of them 
were subterminal-centromeric. The karyotype was formulated as 2n=33t. The ratio of the 
length of the largest chromosome to that of the smallest was 1.52 and the proportion of 
chromosomes with arm ratio —2:1 was 1.0. The karyotype was therefore of 4A type 
according to the degree of asymmetry and the chromosomes ranged from 7.10-10.80 in 
relative length. 

2.4 Ma'anshan population 

2.4.4 Cytotype I (Figs. 7, 19) The chromosomes were counted to be 27233, which is 
reported for the first time. They consisted of 18 subterminal-centromeric and 15 
Terminal-centromeric. The karyotype was formulated as 2n=18st+15T. The ratio of the length 
of the largest chromosome to that of the smallest was 1.43 and the proportion of 
chromosomes with arm ratio —2:1 was 1.0. The karyotype was therefore of 4A type 
according to the degree of asymmetry and the chromosomes ranged from 7.59-10.84 in 
relative length. 

2.4.2 Cytotype II (Figs. 8,20) The chromosomes were counted to be 27225, which is first 
reported. They consisted of 1 metacentric-centromeric (m), 20 subterminal-centromeric, 2 
terminal-centromeric and 2 Terminal-centromeric. The karyotype was formulated as 
2n=1m+20st+2t+2T. The ratio of the length of the largest chromosome to that of the smallest 
was 1.58 and the proportion of chromosomes with arm ratio —2:1 was 1.0. The karyotype 
was therefore of 4A type according to the degree of asymmetry and the chromosomes ranged 
from 4.49-5.99 in relative length. The statistics show that 40% of the cells were of this 
cytotype. 

2.5 Xuancheng population 

2.5.1 Cytotype I (Figs. 9, 21) The chromosomes were counted to be 27222, which is first 
reported. They consisted of 10 pairs of subterminal-centromeric and 1 pair of 
Terminal-centromeric. The karyotype was formulated as 2n=20st+2T. The ratio of the length 
of the largest chromosome to that of the smallest was 1.57 and the proportion of 
chromosomes with arm ratio —2:1 was 1.0. The karyotype was therefore of 4A type 
according to the degree of asymmetry and the chromosomes ranged from 7.20-11.30 in 
relative length. 

2.5.2  Cytotype II (Figs. 10, 22) The chromosomes were counted to be 25221, which is 
first reported. They consisted of 1 metacentric-centromeric and 10 pairs of subterminal- 
centromeric. The karyotype was formulated as 2n=1m+20st. The ratio of the length of the 
largest chromosome to the smallest was 1.69 and the proportion of chromosomes with arm 
ratio >2:1 was 0.95. The karyotype was therefore of 3A type according to the degree of 
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Figs. 19-24. Karyotypes of six populations in Lycoris radiata. 19. Ma’anshan population (Cytotype I). 20. Ma'anshan 
population (Cytotype IT). 21. Xuancheng population (Cytotype I). 22. Xuancheng population (Cytotype ITI). 23. Hangzhou 
population (Cytotype I). 24. Hangzhou population (Cytotype IT). 
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asymmetry and the chromosomes ranged from 7.13-12.02 in relative length. The statistics 
show that 4796 of the cells were of this cytotype. 

2.6 Hangzhou population 

2.6. Cytotype I (Figs. 11, 23) The chromosomes were counted to be 2n=22, which is 
first reported. They consisted of 6 pairs of subterminal-centromeric, 2 pairs of terminal- 
centromeric and 3 pairs of Terminal-centromeric. The karyotype was formulated as 
2n=12st+4t+6T. The ratio of the length of the largest chromosome to the smallest was 1.36 
and the proportion of chromosomes with arm ratio —2:1 was 1.0. The karyotype was 
therefore of 4A type according to the degree of asymmetry and the chromosomes ranged from 
7.44-11.12 in relative length. The statistics show that 50% of the cells were of this abnormal 
diploid. 

2.6.2  Cytotype II (Figs. 12, 24) The chromosomes were counted to be 25221, which is 
first reported. They consisted of 18 subterminal-centromeric and 3 terminal-centromeric. The 
karyotype was formulated as 2n=18st+3t. The ratio of the length of the largest chromosome to 
the smallest was 1.46 and the proportion of chromosomes with arm ratio —2:1 was 1.0. The 
karyotype was therefore of 4A type according to the degree of asymmetry and the 
chromosomes ranged from 3.74-5.47 in relative length. 


3 Discussion 


There have been numerous cytological studies on L. radiata on a worldwide basis 
(Nishiyama, 1928; Inariyama, 1931, 1951a, b; Mookerjea, 1955; Takemura, 1962a, b; Bose & 
Flory, 1963; Yoshida, 1972; Nishikawa et al., 1979; Xu et al., 1984; Chen & Li, 1985; Kurita, 
1987, 1988, 1989; Liu & Xu, 1989; Shao et al., 1994; Sun et al., 1998). The results show that: 
L. radiata is a complex which includes not only the diploid (2n=22=22t) but also the triploid 
(2n=33=33t). The basic chromosome number of L. radiata is x=11. The usual karyotype of L. 
radiata consists only of rod chromosomes with subterminal or terminal constriction (with 
only one arm). However, several studies (Mookerjea, 1955; Bose, 1963; Xu et al., 1984; Chen 
& Li, 1985; Kurita, 1987, 1988; Shao et al., 1994; Qin et al., 2004a, b; Zhou et al., 2004) have 
found some abnormal karyotypes of L. radiata such as 2n=33=1m+31t+1B, 2n=32=1m+3 It 
(Bose, 1963; Kurita, 1987, 1988); 2n=22=4st+18t (Chen & Li, 1985; Sun et al., 1998); 
2n=33=15t+18st (Xu et al., 1984); 2n=23=6st+14t+2T+1B, 2n=22=1m+12st+8t+1B (Shao et 
al., 1994); 2n=24=6m+8sm+6st+4t (Qin et al., 2004a); and 2n=21=1m+6st+ 4t+9T+1B, 
2n=21=1M+10st+9T+1B (Zhou et al., 2004). In addition, Qin et al. (2004b) observed long 
oval chromosomes. The new chromosome numbers and karyotypes found in our studies are 
different from those in other reports. A tetraploid cytotype of L. radiata was found here for 
the first time and in the field observations their tepals did not recurve and the margins did not 
undulate, very distinct from other populations. Secondary constriction in the Huoshan 
population was found for the first time and different cytotypes were found in the same 
population. It was therefore concluded that the chromosome numbers and karyotypes of L. 
radiata vary in different populations and even within the same population. 

According to most studies (for example Inariyama, 1953; Stebbins, 1971; Jones, 1976; 
Xu et al., 1984), the karyotype evolution of the genus Lycoris is mainly decided by Fusion 
Theory which holds that the basic chromosome number of the genus is x=11 and that the 
species with rod chromosomes (2n=22t or 2n=33t) are primitive taxa. Two rod chromosomes 
with terminal constrictions format an m chromosome (large M chromosome) through the 
fusion of constrictions and reciprocal translocation of Robertson Change. In contrast, a few 
studies (Bose & Flory, 1963; Jones, 1978) agree that the karyotype evolution of the genus 
Lycoris is mainly decided by Fission Theory. According to this theory the chromosome group 
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of the original species of the genus Lycoris should be 2n=12M, which consists of 12 large M 
chromosomes with median constrictions. It is also believed that the basic chromosome 
number of the genus is x26 and one M chromosome could be divided into two t or T 
chromosomes through the fission of constrictions and reciprocal translocation of Robertson 
Change (Lincoln & Clark, 1982; Hong, 1990). One crucial index to testify Robertson Change 
is whether or not groups of chromosomes with different chromosome numbers have the same 
number of long arms. Nowadays most of the researchers agree that although the chromosome 
numbers and karyotypes vary dramatically in L. radiata, the total number of arms of a 
chromosome complement of any species is always a multiple of 11. However, the new 
formulas of the 6 populations in the present study are difficult to explain by the Fusion 
Theory or the Fission Theory. Further research on karyotype evolution of L. radiata will 
therefore be needed in the future. 

Mookerjea (1955) found that the chromosome number of L. radiata was very variable 
from 2n=15, 22, 25 to 2n=32, and it also consisted of m chromosomes (with median of 
submedian constrictions) and the chromosomes with satellite chromosomes. Because she 
could not explain the great variability on the chromosome number of L. radiata, her opinion 
did not gain sufficient attention at that time. Through our studies of the 6 populations of L. 
radiata, we agree with Mookerjea that the chromosome numbers and karyotype in L. radiata 
have great variability among different populations and even within the same population. The 
origin of the karyotype of L. radiata is whether gene mutation was caused by the environment 
or other reasons, so considerable effort will need to be expended in further investigations. 
This paper can only present some basic data on karyotype evolution in L. radiata and the 
genus Lycoris. 

The theory of the origin of the L. radiata triploids is challenged by the new discoveries 
in the present study. There are two key hypotheses on the origin of the triploids in the genus 
Lycoris. The first is that they are derived from the hybridization of diploids with tetraploids 
and the second is that they are derived from the combination between an unreduced gamete of 
a diploid and a normal gamete of another diploid. Because L. radiata has been proven to be an 
autotriploid by Inariyama (1931) and the tetraploids have never been found (Chung, 1999), 
nowadays most researchers agree to the latter explanation. However, this is also questioned by 
the new discovery of tetraploid cytotype and secondary constriction in the Huoshan 
population and new karyotypes in other populations. Whether or not the triploids derive from 
the hybridization of diploids with tetraploids is a question which needs further investigation of 
allozyme, molecular, and hybridization in situ methods. 

Lycoris radiata seeds are often difficult to germinate and the seedlings take about ten 
years to reach flowering size. Therefore these plants have usually been produced by clonal 
propagation. For example, Chung (1999) found that eight sampled populations of L. radiata 
across South Korea were a single clone that had been spread and planted by bulb division. 
This has allowed the spread of sterile triploids at the expense of less attractive wild types. 
Both the wild and cultivated plants were propagated by splitting their bulbs. The seeds of 
diploids and tetraploids are sterile and the seed setting percentage was rather low, and the 
triploids were fully sterile. Whether or not the wild tetraploids could display amphigenesis 
needs further detailed study. 
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foe LEAKS ZU IBI AEG ETE 98 So E REMIT SEZIM. s) LycoristR Wee He A uL. 
radiata 4 6, p H RUE A. EAE ERK AE E S MODO] AS In] PE) os FAL EE, n] ELI UG ao 
JS TELA ES] Ye Ac T8 MU Lr ae D 286 eR ER FI S lC S ASSO A a T P E BU RUSUEUL 3 HOT 49 i 
hs EEE íT F AN ea. SERA, OD Bam Fs RE II] BEAR A A Ao a A: E LE Fn RE 
2n=44=28st+8t+8T, 2n22226st-12t-4T;. HELL Ji dE2n222222t, 2n=22=18st+4t, 2n=21=12st+7t+2T; RAN S 
BE 2n=33=33t; Hj Ek ii J RE 2n233-218st-15T, 2n=25=1m+20st+2t+2T; ‘A Ik Joi HE 2n=22=20st+2T, 
2n=21=1m+20st; Bis RE2n=22=12st+4t+6T, 2n=21=18st+3t. FLA, WAO SERE RZA RW N A ARI; 
FERRI T VUE SEN ae ts GP, IHA a HIA EM S EET I RTT o 
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